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ABSTRACT 
Background: Vancomycin (VAN) is widely employed in clinical settings for the treatment of severe infections 
attributable to multi-resistant bacteria, with a notable emphasis on Gram-positive strains. However, its therapeutic 
usage is significantly hampered by the potential for acute kidney injury (AKI); specifically, the nephrotoxic effects it 
can exert. In controlled experimental studies, the intraperitoneal (i.p.) administration of VAN at a dose of 400 
mg/kg/day over a consecutive seven-day period has been shown to induce considerable AKI in rats. In addressing 
this concern, vitamin C (VC), recognized traditionally for its antioxidant properties, has been utilized to mitigate various 
forms of organ damage and inflammatory responses, primarily by diminishing oxidative stress and attenuating 
inflammation. Concurrently, tadalafil (TAD), a phosphodiesterase type-5 inhibitor commonly associated with the 
treatment of erectile dysfunction, is also noted for its beneficial anti-inflammatory and antioxidant effects, alongside 
vasodilatory properties. Aim: This study was designed in order to investigate the protective capabilities of TAD or VC 
against the VAN-induced nephrotoxic effects in a rat model of AKI. Methodology: A total of 24 male albino Wistar rats 
were allocated into four distinct groups for the purpose of comparative analysis. Following treatment, both kidney and 
blood samples were obtained for further evaluation. The study randomized the rats into four categories: group 1 
served as the control group, group 2 received VAN at a dosage of 400 mg/kg (via an i.p. injection on a daily basis), 
group 3 was administered VAN (400 mg/kg; i.p., daily) in conjunction with TAD at a dose of 5 mg/kg daily, and group 
4 was given VAN (400 mg/kg; i.p., daily) alongside VC at a dosage of 200 mg/kg daily. Results: Evaluations included 
the measurement of renal function indicators such as the serum levels of urea, of creatinine, and the creatinine 
clearance. Additionally, the analysis involved the assessment of antioxidant markers in renal tissue homogenates, 
including malondialdehyde (MDA), glutathione, and superoxide dismutase. To further elucidate the inflammatory 
response, indices such as the levels of the tumor necrosis factor-alpha, the interleukins (IL)-1β and IL-6, and the 
nuclear factor-κB were evaluated within the renal tissue homogenate samples of the studied rats. The administration 
of VAN resulted in a marked elevation of renal biomarkers and inflammatory indices, alongside a significant reduction 
in antioxidant levels, with an exception for MDA (which exhibited increased levels); these changes reached statistical 
significance (p<0.05) when measured against the control group. In contrast, the supplementation with TAD or VC was 
effective in significantly lowering the serum levels of both renal and inflammatory indicators when compared to the 
group treated solely with VAN. Furthermore, antioxidant measurements improved, alongside a reduction in MDA 
levels, thereby demonstrating significant differences (p<0.05). Conclusion: The findings of this study reveal that both 
TAD and VC provide a degree of renal protection against the VAN-induced damage by enhancing kidney function 
markers and, concurrently, lessening oxidative stress and inflammatory responses associated with nephrotoxicity. 
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1. INTRODUCTION 
 

Amongst the many essential responsibilities per-
formed by the kidney is the elimination of metabo-
lites and chemicals in their original form. Many 
medications pass through the kidneys for filtration, 
secretion, reabsorption, and excretion, making the 
kidneys a typical site of toxicity [1]. Additionally, 
because the kidneys absorb around 25% of the 
cardiac output, they are more exposed to drugs in 
circulation than other organs [2]. Nephrotoxic med-
icines include many medications such as ampho-
tericin B, vancomycin (VAN), aminoglycosides, 
and chemotherapeutics containing platin [3]. The 
glycopeptide antibiotic VAN is typically used for 
the treatment of Gram-positive bacteria that are re-
sistant to methicillin, particularly Staphylococcus 
aureus [1]. Nephrotoxicity, however, affects 5% to 
35% of all patients receiving a VAN-including treat-
ment [2]. Current research suggests that the co-
administration of antioxidants with VAN can modify 
the proximal tubule energy-dependent and affect 
the renal reabsorption, resulting in a dysfunction of 
the mitochondria; furthermore, the co-administra-
tion of antioxidants and anti-inflammatories can in-
hibit nephrotoxicity [4]. In models of renal failure 
owed to VAN, reactive oxygen species (ROS) 
have been implicated in disrupting the epithelial 
cells of proximal renal tubules, which act as the lo-
cation of the reabsorption [4]. Renal tubular cell 
apoptosis is attributed to VAN and is caused by an 
increment in the superoxide production of the mi-
tochondria, which results in a reduction of the 
membrane potential of the mitochondria and in an 
increase in the activity of caspase [5]. The filtration 
and transport of energy mechanisms found in the 
epithelial cells of the proximal tubule render the 
kidney particularly vulnerable to poison-induced 
renal injury [6].  

Ascorbic acid, referred to as vitamin C (VC), is 
a micronutrient that is necessary for immunologi-
cal defence and that the body is unable to produce 
on its own [7]. Free radicals are captured and then 
submerged in water by it, before they transform 
into dehydroascorbic acid; an oxidized form that is 
quite stable [8]. Research on the function of VC 
protects against a variety of illnesses, including 
cancer [9], sepsis [10], and the common cold [11]. 
In addition to being present in numerous nutritional 
supplements, VC has also been used as a pre-
scription medication that can be administered par-
enterally or orally. Through an evaluation of the 
anti-inflammatory properties of tadalafil (TAD) and 
VC, the correlation of the overall oxidative stress 
and the total antioxidant capacity, as well as key 
kidney function indices in rats with a renal injury 
induced by VAN, this study’s main goal was to 
demonstrate through experimentation that these 
medications have a nephroprotective effect. 

 

2. METHODOLOGY 
 

2.1. Animals 
 

The Animal Experiments’ Local Ethics Committee 
of the University of Al-Ameed provided its approval 
for the study (ethical clearance number: 102; July 
11, 2024). For two weeks, adult male albino Wistar 
rats weighing 225-275 g were kept in a controlled 
environment with 12-h light/dark cycles and a 
temperature range of 25oC to 28oC. Rats were 
allowed access to food and water ad libitum. 
 

2.2. Experimental protocol followed  
 

The rats (n=6 per group) were chosen at random 
and were allocated into the following groups: con-
trol, VAN, VAN+TAD, and VAN+VC. The experi-
ment continued for ten days in total. Intraperitone-
ally (i.p.) administered saline solution (NaCl 0.9%) 
was given to the rats of the control group for seven 
consecutive days, beginning from the third day of 
the experiment. The VAN injected volume given to 
the other groups was the same with the saline so-
lution volume injected. Starting on the third day, 
the rats in the other three groups received a daily 
i.p. injection of 400 mg/kg of VAN for seven days 
in a row [12].  

Following the manufacturer’s directions, VAN 
was dissolved in distilled water after being ac-
quired from the Gulf Pharmaceutical Industries, 
UAE. The VAN+TAD group rats also received TAD 
orally (5 mg/kg, once daily) [13], while the 
VAN+VC group rats also received 200 mg/kg/day 
of VC (Vitamin C 750 mg, Delta, Egypt; diluted in 
normal saline solution) [14]. 
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For a continuous ten days, beginning on the 

first day of treatment, we delivered TAD and VC 
orally by using an orogastric tube in order to 
assess if they could inhibit the nephrotoxic effects 
of VAN. The rats were weighed and killed under 
sodium pentobarbital anaesthesia on the tenth day 
of the experiment. After blood was taken out via 
the trunk, it was centrifuged for 10 min at 4°C and 
3,000 rpm. Subsequently, we maintained the 
serum at -80°C till analysis. The kidneys were 
removed, weighted, and stored at -80°C until 
further processing. This procedure was done in the 
laboratories of the University of Al-Ameed. 
 

2.3. Homogenization of renal tissue 
 

Using a tissue homogenizer (IKA T-25, Germany) 
for 1 min at 4oC, the kidney tissues were homoge-
nized in 10% (w/v) PBS, and then centrifuged for 
20 min at 3,000 rpm [13]. 
 

2.4. Assessment of kidney function indicators 
 

The serum levels of urea and creatinine were 
determined by using the urease technique of the 
modified Berthelot method: in brief, urease 
hydrolyses urea in order to produce carbon dioxide 
and ammonia; a green chromophore is produced 
when the ammonia produced combines with 
sodium salicylate and alkaline hypochlorite, while 
sodium nitroprusside serves as a coupling agent. 
The amount of urea present in the sample 
determines how intense the colour gets [15] and 
the Jaffe method (Jaffe's reaction; which uses 
creatinine and picric acid in an alkaline media to 
quantitatively produce the colour orange) was 
used in order to measure the creatinine levels in 
the rat serum. The colour was measured at 520 
nm following a 15-min incubation period at room 
temperature for the purpose of colour 
development [16], in conjunction with a UV/visible 
spectrophotometer (Cecil, England) and reagent 
kits from Linear Chemicals, Spain. To determine 
creatinine clearance, a neural network-based 
estimate of rat creatinine clearance using serum 
creatinine and body weight was used (the formula 
is valid only in the stable case of serum creatinine) 
[17]. 

 
2.5. Biochemical evaluates  
 
2.5.1. Assessment of anti-inflammatory mediators 
 
The kidney tissues were blended in a cooled 
phosphate buffer with a pH of 7.4. Inflammatory 
indicators, including interleukin (IL)-6 (IL-6), IL-1β, 
tumor necrosis factor-alpha (TNF-α), and nuclear 

factor kappa B (NFκB), were measured in renal 
tissues by using commercial kits and according to 
the sandwich ELISA technique.  

 
2.5.2. Measurement of antioxidants 
 
Using the technique developed by Sun et al., the 
activity of superoxide dismutase (SOD) was esti-
mated as previously described [18], while a lumi-
nescent-based assay was used for the detection 
and quantification of glutathione (GSH) [19]. Fi-
nally, the Ohkawa et al. [20] technique was em-
ployed in order to determine the malondialdehyde 
(MDA) levels. 

 
2.6. Analytical statistics  
 
The numerical variables are herein presented as 
mean ± standard error (SEM). The software SPSS 
version 25 (IBM Corp., Armonk, NY, USA) was 
used in order to analyze the data. Analysis of 
variance (ANOVA) was performed so as to 
compare the groups; all p-values lower than 0.05 
were regarded as being statistically significant. 

 

3. RESULTS 
 
3.1. Effects of TAD and VC on renal function 
biomarkers 
 
The differences in both the creatinine and the urea 
serum levels of the VAN group and of the control 
group rats were statistically significant (p<0.05). 
Moreover, Table 1 demonstrates that the creati-
nine clearance between the VAN group and con-
trol group rats differed significantly (p<0.05). Con-
versely, the VAN+TAD and the VAN+VC group 
rats were having significantly higher (p<0.05) lev-
els of renal function markers in their serum as 
compared to those of the VAN group rats, includ-
ing significantly greater (p<0.05) levels of creati-
nine clearance (Table 1). 

 
3.2. Effects of TAD and VC on oxidative 
stress biomarkers  

 
The renal tissue GSH and SOD levels within the 
VAN group were considerably lower (p<0.05), 
while the MDA levels were significantly higher 
(p<0.05) when compared to those of the control 
group (Table 2). In contrast to the VAN group, the 
VAN+TAD and VAN+VC groups exhibited signifi-
cantly greater levels (p<0.05) of GSH and SOD 
within the renal tissue, and significantly reduced 
(p<0.05) MDA levels, as shown in Table 2. 
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3.3. Effects of TAD and VC on biomarkers of 
inflammation 
 

When compared to those of the control group, the 
renal tissues of the VAN group exhibited signifi-
cantly greater (p<0.05) levels of NF-kB, IL-6, IL-

1β, and TNF-α (Table 3). Additionally, Table 3 
shows that the renal tissues of the VAN+TAD 
and VAN+VC group rats had significantly lower 
levels (p<0.05) of these inflammation-associ-
ated biomarkers than those of the VAN group 
rats. 

 
Table 1. Effects of tadalafil (TAD) and vitamin C (VC) on the examined renal function biomarkers of rats subjected to 
vancomycin (VAN)-induced nephrotoxicity. Results are shown as mean ± SEM. Statistical analysis: a, indicating a statistically 
significant difference (p<0.05) when compared to the control group; b, indicating a statistically significant difference (p<0.05) 
when compared to the VAN group. 
 

Groups 
 

Serum urea levels   
(mg/dL) 

Serum creatinine levels 
(mg/dL) 

Creatinine clearance 
(mL/min) 

Control 30.68 ± 1.29 0.59 ± 0.03 2.81 ± 0.07 

VAN 66.28 ± 2.99 a 1.80 ± 0.22 a 0.65 ± 0.08 a 

VAN+TAD 42.49 ± 2.88 a,b 0.95 ± 0.04 b 2.14 ± 0.04 b 

VAN+VC 44.29 ± 2.08 a,b 1.01 ± 0.05 b 2.42 ± 0.06 b 

 
Table 2. Effects of tadalafil (TAD) and vitamin C (VC) on the examined renal tissue oxidative stress biomarkers of rats 
subjected to vancomycin (VAN)-induced nephrotoxicity. Results are shown as mean ± SEM. Statistical analysis: a, indicating 
a statistically significant difference (p<0.05) when compared to the control group; b, indicating a statistically significant 
difference (p<0.05) when compared to the VAN group. Abbreviations used: GSH, glutathione; MDA, malondialdehyde; SOD, 
superoxide dismutase. 
 

Groups MDA levels 
(nmol/mg of protein) 

 GSH levels  
(nmol/mg of protein) 

SOD activity  
(U/mg of protein) 

Control 1.17 ± 0.04 42.14 ± 1.08 25.42 ± 0.85 

VAN 4.04 ± 0.10 a 10.83 ± 0.23 a 10.73 ± 0.35 a 

VAN+TAD 2.03 ± 0.03 b 29.69 ± 0.40 a,b 20.34 ± 0.76 b 

VAN+VC 1.83 ± 0.03 b 31.99 ± 0.47 a,b 21.31 ± 0.72 b 

 
Table 3. Effects of tadalafil (TAD) and vitamin C (VC) on the examined renal tissue inflammation biomarkers of rats subjected 
to vancomycin (VAN)-induced nephrotoxicity. Results are shown as mean ± SEM. Statistical analysis: a, indicating a 
statistically significant difference (p<0.05) when compared to the control group; b, indicating a statistically significant difference 
(p<0.05) when compared to the VAN group. Abbreviations used: IL-1β, interleukine-1 beta; IL-6, interleukine-6; NF-kB, nuclear 
factor kappa B; TNF-α, tumor necrosis factor-alpha. 
 

Groups TNF-α levels 
(ng/g tissue) 

 IL-6 levels  
(ng/g tissue) 

 IL-1β levels  
(ng/g tissue) 

NF-κB levels   
(ng/g tissue) 

Control 10.23 ± 0.33 5.44 ± 0.95 7.78 ± 0.26 11.46 ± 0.81 

VAN 45.52 ± 1.68 a 33.47 ± 2.28 a 33.29 ± 0.28 a 39.95 ± 2.33 a 

VAN+TAD 12.43 ± 0.67 b 15.40 ± 1.91 a,b 13.38 ± 0.14 b 24.76 ± 1.51 a,b 

VAN+VC 14.09 ± 0.63 b 19.40 ± 2.52 a,b 12.98 ± 0.14 b 25.06 ± 1.71 a,b 

 

4. DISCUSSION 

 
The current study verified that the entire dose of 
VAN (400 mg/kg for seven days) causes a decline  
in kidney function, which seems consistent with 
the findings of a previous study [21]. This might be  

 

linked to oxidative stress, which can promote the 
formation of a variety of vasoactive substances 
that can cause kidney vasoconstriction, which in 
turn lowers the glomerular filtration rate [22]. More-
over, oxidative stress can strengthen the adeno-
sine’s effects [23]. Consistent with previous study 
results [21,23], the renal tissue MDA levels were 
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significantly higher in the VAN group rats, whereas 
the GSH and SOD levels of the renal tissues were 
found to be significantly lower. 

Lipids are very susceptible to ROS. In addition, 
ROS results in the production of MDA as a byprod-
uct [24]. Significant amounts of the tissue antioxi-
dant GSH directly combat oxygen free radicals 
and reactive hydroxyl free radicals. GSH allows 
peroxides to be reduced by acting as a substrate 
for glutathione peroxidase; thus, GSH exhaustion 
is seen as a sign of oxidative stress [25]. 

By upregulating pro-inflammatory cytokines 
like IL-1β, IL-6, and TNF-α, the ROS can further 
promote the intra-cellular and pro-inflammatory cy-
tokine expression of genes in endothelial cells. 
There are several ways in which the NF-κB path-
way can be activated [26]. A recent study suggests 
that VAN may damage the rat kidneys by upregu-
lating NF-κB expression and by generating pro-in-
flammatory cytokines such as TNF-α and IL-1β 
[27]. After 7 days of VAN administration, the kid-
ney index is known to increase in the VAN group 
when compared with that of the control group, 
while higher values for urea and creatinine can be 
measured in both the kidney tissues and the se-
rum, and tubular damage can be observed; these 
changes were thought to be the result of renal 
damage [28].  

Conversely, the oral administration of TAD 
(taken daily during the parenteral VAN treatment) 
has herein enhanced the renal function, which is 
consistent with the findings of a recent research 
study by Mohammed et al. [29] who have described 
the antioxidant, anti-inflammatory, and antiapoptotic 
activities of TAD and it ability to lower the 
gentamicin-induced renal damage in rats. Addition-
ally, the VAN+TAD group had considerably higher 
renal GSH and SOD levels and significantly re-
duced renal MDA levels in our study. This result is 
consistent with those of a previous study [30], and it 
might be related to the Nrf2/HO-1 mediated antioxi-
dant pathway activation [31]. 

In line with earlier research [32,33], the 
VAN+TAD group demonstrated noticeably reduced 
kidney levels of the examined biomarkers inflamma-
tion (IL-6, IL-1B, TNF-α, and NF-κB). The potential 
of TAD to inhibit the NF-κB activation by raising cel-
lular concentrations of cGMP and the cGMP-de-
pendent protein kinase is most likely the cause of its 
anti-inflammatory effects [34]. Studies that looked at 
the TAD’s protective properties in a rat model of 
acute kidney injury have demonstrated the possibil-
ity for protection by assessing biochemical indica-
tors such serum creatinine levels, serum urea lev-
els, and the creatinine clearance [35]. 

Due to its ability to effectively scavenge ROS 
and reactive nitrogen molecules generated 

during a range of stressful situations, VC is a wa-
ter-soluble antioxidant that is essential to the oxi-
dative metabolism of the cells. The pharmacological 
properties and clinical uses of VC are currently the 
subject of extensive research. Studies demon-
strate that VC prevents sepsis by inhibiting immu-
nological dysfunction, oxidative stress, and the 
inflammatory response [36]. Additionally, at 
therapeutic concentrations, VC is an essential 
part of the oxidative stress therapy against 
cancer, because it can destroy cancer cells and 
contribute to the Fenton reaction’s slowed synthesis 
of radicals containing hydroxyl [37]. VC could be 
able to prevent the nephrotoxicity caused by the 
antibiotic VAN [38,39]. Preclinical research has 
shown that VC can prevent the overproduction of 
cytokines brought on by sepsis that injure organs 
[40]. Our findings have also revealed that VC can 
improve kidney indicators, lower oxidative stress, 
and reduce inflammation in VAN-treated rats.  

Suppressing VAN-induced nephrotoxicity re-
quires the reduction of oxidative stress in the kid-
neys [41]. According to a recent study [39], a high 
VC dose may, in severe instances, minimize the 
VAN-induced nephrotoxicity. Following VAN, the 
preadministration of a high VC dose can increase 
urea and decrease serum creatinine levels [38]. 
In the current study, the impact of VC in mitigating 
the VAN-induced renal impairment via lowering 
oxidative stress and inflammation was further in-
vestigated through the monitoring of biochemical 
markers in the kidney and the serum.  
 

5. CONCLUSION  
 

The current study aimed at ascertaining whether 
TAD or VC could protect against mild to moderate 
renal damage caused by VAN. Our findings ad-
vocate that the protecting effects of TAD and VC 
against the VAN-induced nephrotoxicity may be 
associated with the improvement of key kidney 
function indices in addition to the reduction of the 
oxidative and inflammatory processes by the 
tested compounds. 
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